TWO-WEEK LOAN COPY
This is a Library Circulating Copy which may be borrowed for two weeks. The relations are used to analyze vector and tensor meson production from nN and KN initial states, and 6(1236) production from nN and NN initial states. Two of the most interesting results concern 6 production. We find that the small-angle data on NN ~ N6 cannot be dominated by rt exchange alone, and analysis of the data 'on rrN ~Jt6 at 8 GeVjc indicates the existence of contributions in addition to p exchange.
I. INTRODUCTION
A large amount of information has recently become available , on high energy inelastic reactions of strongly interacting particles.
One common feature of these reactions is that a large percentage of the events can be classified as quasi-two-body events} in which the final state is the result of the decay of one or two unstable particles.
The differential cross sections often show a rapid decrease with increasing momentum transfer} indicating that a peripheral-model analysis might be appropriate. It is of interest to determine if the dominant mechanism is the exchange of a definite set of quantum numbers (a single particle or Regge trajectory) in the crossed channel.
The characteristic energy dependence dO/dt 2a(t)-2 s ,
where aCt) is the angular momentum exchange~ is not a very sensitive test for the presence of two or more exchanges with similar trajectory values. Polarization effects are a good test, since they depend only on interference terms} but no data are presently a'~ilable on inelastic reactions with polarized targets or beams. However, an analysis of the angular distribution of decay products in an un901arized experiment gives information on the real parts of the spin density matrix elements. These elements are directly related to the individual spin amplitudes. Requirements of parity and G-parity conservation give relations between different spin amplitudes} which may be transformed '.! into relations bet"\veen the spin density matrix elements. Relations of this type are necessary but not sufficient conditions for single particle or trajectory excb"'nge.
Restrictions such as these have been noted for certain reactions and have been used as constraints in data fitting.
1 -5 They are valid for all energy and momentum transfer, and conse~uently are more useful than the obvious restriction of asymptotic energy independence outside the forward scattering region. We derive such relations in general for the production of a single meson or baryon resonance of arbitrary spin in a ~uasi-two-body meson-nucleon or nucleon-nucleon interaction.
That such relations must exist for sufficiently high spin is obvious, since the number of independent spin amplitudes for the production of a spin J particle grows like J, while the number of spin density matrix elements grows like ) is the decay amplitude, and J the spin of the parent particle. The density matrix elements Pmm' depend only on the production process. A convenient ~uantization axis for P mm ,
is the so-called t-channel axis, which is the direction of the incoming particle (A for C or B for D) as seen in the rest frame of the fJ v v UCRL-18010 -3-unstable particle. Then the density matrix elements may be expressed in terms of helicity amplitudes for the t-channel process
The relation is C P mm ,
for particle C, with a similar expression for particle D.
From parity conservation, the F's have the property
where ~. and s. are the intrinsic parity and spin of the particles. 
m Thus the independent measurable density matrix elements are
The partial-wave expansion of the helicity amplitudes is7 where t is the total energy s~uared and x the cosine of the scattering angle in the t-channel center of mass, fJ is the partial-wave helicity UCRL-180l0 -5-exchanged particle or traj ectory are denoted by I, P, G, and cr. 
!-lA , and C)
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The assumption of the exchange of a single particle or trajectory in the t channel also assures that all helicity amplitudes will have the same phase. Since AA = AC = 0 in this reaction, we must have a E = +1 from (9) . Denote the helicities of the 1+ Then parity conservation at the baryon vertex gives (14) With the use of (10) and (11), the parity restrictions on the helicity amplitudes may be written (15 ) In obtaining the sum rule, one writes out the measurable density matrix elements in terms of the independent helicity amplitudes. For simplicity in notation, all amplitudes are normalized by dividing by . .
• UCRL-18010 -7-
To eliminate the mixed m-n terms in (17) and (18) , one may s~uare and add, noting that the cross terms cancel:
The last expression is just the product of the m and n diagonal elements, so that the relation is
Note that this rule must be satisfied for the production of an N with any ~uantum numbers if it is dominated by the exchange of any single set of ~uantum numbers in the t channel. Note also that the two 0-particles need not be identical, so that the relation should apply to
If more than one exchanged particle or trajectory contributes to the process, the helicity amplitudes will not in general have the same phase, so that the relation may not be satisfied. However, we can express the terms which violate the relation in terms of the interference between amplitudes due to different exchanges, or e~uivalently in terms of the imaginary parts of the density matrix elements. The relevant expressions are (20 ) P m,-m -8-"-. *
The cross terms are again eliminated by s~uaring and adding, yielding
The terms which violate the single-exchange rule (19) can be separated, to give the relation
For production of a baryon of spin rrun mn
There are also K(K+ 1)/2 elements Re p , constrained by the m,-n relation (19) . However, the number of independent density matrix elements still grows faster than the number of helicity amplitudes, so there must be additional relations for high spin production. The number of these additional relations is
Then for spin 7/2 there are two additional relation~ for 9/2 five relations, and so on. The form of these relations is not irrunediately 
ueRL-18010
-9-apparent from the general equations, so evidently they must be worked out individually for each spin. This could be done by trying to invert (16) - (18) and looking for singularities.
The derivation of relations between spin density matrix elements for this reaction proceeds exactly as in the previous case, except for the complication of additional amplitudes due to nucleon spin. The parity relations for the partial-wave amplitudes are
These are used to write the expressions for the density matrix elements in the form
It is convenient to study separately the exchange of the three types of trajectories. For the ~-type trajectory, only those amplitudes with !J. = 0 will be nonzero, so that the second sum in (29) is absent. The same operations as in the previous case (with the additional sum over !J.) yield the same result. The rule (19) is satisfied for the exchange of a single ~-type trajectory. ...
For the exchange of an AI-type trajectory, only those amplitudes with J..L ~ 0 will be nonzero. However, the parity relations (26), (27) cannot be directly taken over to the full helicity amplitudes, since the nonzero helicity flip appears also in the rotation coefficients.
The methods of the previous case can be used to yield
The relation (12) must now be used in the form
d~,±l(X)
One can then show that the first sum in (30) is zero, and that the second
• and third sums cancel. Thus the rule (19) is also valid for the exchange of an AI-type trajectory.
For the exchange of a p-type trajectory, terms with both are nonzero. Upon writ.ing an expression analogous to (30) for this case, one sees that the second sum contains interference terms of the type \..
UCRL-18010
-11-F F, tm,,,t_lIt F t i t F . , which cannot be cancelled by any
of the other terms. The result is that the rule (19) is not valid even for a single p-type trajectory exchange.
C.
First consider the case when the meson V has natural spinparity, 0v = +1. From (9), we see that if 0E = +1, all amplitudes 6 with zero meson helicity are zero. As a consequence,
This is an immediate test of the necessity of 0E = -1 exchanges in meson production reactions. 3 ,4,
It is convenient to write out the density matrix elements for a combination of an arbitrary number of 0E = ±l exchanges. Denote the helicity amplitudes for each by ~;~f-l' respectively. The relations between various helicity amplitudes can be derived, using (8) - (12 
If a single O"E:= -1 exchange dominates, all ~fS are zero, and (35) For the production of V particles with G V = -1, the only change is due to the restriction of (9) , which has the effect of switching the role of G = ± 1 exchanges. As in the baryon resonance case, there may be additional relations
. . for high-spin particle production. There are four cases to consider.
Let s be the spin of the meson resonance. 
which means that they start with spin-two production, in reactions sUQh as ~N."'" A2N with p exchange. 
One sees immedia.tely that P must be negative, and that the product A single trajectory exchange gives I: = 0, and 6I:± are the errors due to the experimental errors in the determination of the density matrix elements. The results are presented in Table I . One notes that a conspirator for the TI could fill this role.
C. Reactions of the Type
As an example of the weakest constraints for
we first discuss data on Table III . Kp -7mA
The sign of P l -l , using (45) , implies a = +1 exchange, hence a nonzero value for POO would demand both a = +1 and a = -1 exchange. Howeve~ P is pot incompatible with zero.
00
Finally we note that (44) is not violated by more than one standard deviation, and we therefore conclude that there is no definite evidence for the exchange of more than one trajectory.
As above, (44) For the remainder of this section we consider reactions with a nucleon in both the initial and final states. This, of course, means that we have stronger constraints than in the general case of 0-+ ~+ ~ V + ~+, because of the additional information given by conservation of G-parity.
We write -0.033' apprOXlma ely .5 s an ar deviations from zero. We tentatively conclude that a satisfactory model for the above reaction requires more than one trajectory to be exchanged.
The errors on diagonal elements are such that (46) and (47) This situation underlines the warning given at the beginning of this section, that the satisfaction of our constraints does not imply the dominance of one trajectory.
We now consider the value of POO' and the relative sign of P 11 and P 1 -1 (32a) and (45) showing that both cr = +1 and -1 trajectories are important.
K*(1400)0 .
Here P l1 = 0.22 ± 0.11, and Pl-l . . = -0.18 ± 0.04, and from (45) we see that cr = -1 exchange is required. The data considered are those of the Argonne-Northwestern Collaboration at 4.1 and 5.5 Gev/c. 18
In Table IV • <W (. Table IV . Test of relation (62) and Re PSO' and using equations (53) to (57) inclusive, we predict the values of Re P10' Pl-l' and Re P S1 ' These results are presented in Table VI . The sign of Re P 10 was assumed to be negative. Most of the predictions are incompatible with experimente The disagreement between the theoretical and experimental values for Re P10 is particularly large. It is clear that this model, based on single n:-trajectory exchange, is not consistent with the n:-P ~ pan data. However it should be remembered that both the theoretical model and data analysis depend on the assumption that the asymmetry in the n:+n-angular distribution (in the P mass region)
is due to the iriterference of the P with an S-wave. If instead the requisite even partial wave is aD-wave, for instance, the interpretation of data would be modified, and our discussion in Section II D would, in its present form, be inappropriate. 
